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COMPACT MICRO-CONCENTRATOR FOR PHOTOVOLTAIC CELLS 



BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to photovoltaic or solar cell arrays, and more 
particularly, the invention relates to energy concentration for use in such arrays. 
[0002] The use of photovoltaic cells for the direct conversion of solar radiation into 
electrical energy is well known, see Swanson, U.S. Patent No. 4,234,352 for example. 
Briefly, the photovoltaic cell comprises a substrate of semiconductive material having a p-n 
junction defined therein. In the planar silicon cell the p-n junction is formed near a surface of 
the substrate which receives impinging radiation. Radiated photons create mobile carriers 
(holes and electrons) and the substrate which can be directed to an electrical circuit outside of 
the cell. 

[0003] In practical applications, photovoltaic cells are arranged in modules with the cells 
being serially connected to increase output voltage and with a plurality of serially connected 
cells connected in parallel to increase output current. Efficiency of the arrays can be 
enhanced by using an energy concentrator with each cell, and the cost of high-efficiency solar 
cells can be reduced through use of less costly optics. 

[0004] The parabolic reflector is a known structure for use in concentrating energy. As 
shown in Fig. 1 A, a linear parabolic reflector or trough concentrates energy along a linear 
axis, and is useful for heating fluids in a pipe, for example, and in low concentration 
photovoltaic systems. In Fig. IB, a dish-shaped parabolic reflector concentrates energy at a 
focal point and is useful for concentrating sound and radio waves. While useful in 
concentrating solar energy, heretofore the use of the parabolic reflector in a cell array panel 
requires too much space for practical application. 

SUMMARY OF THE INVENTION 

[0005] In accordance with the invention, a reflector array comprises a plurality of partial 
parabolic or similarly shaped surfaces arranged in rows and columns with each reflector 
directing radiant energy to or from a corresponding element at or near the focus of the 
reflector. 

[0006] In accordance with a preferred embodiment of the invention, an array of 
photovoltaic cells is provided with each cell having a light reflector which focuses received 
light on the cell. The design is compact, scalable to large area modules, and easy to 
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manufacture with the reflectors being molded as a single unit using a wide choice of material. 
The array achieves high efficiency with an absence of chromatic aberration. 
[0007] In accordance with a preferred embodiment of the invention, an off-axis section of 
a parabolic reflector is used with each cell in a panel array of photovoltaic cells. The 
parabolic sections can be linearly arranged with each section reflecting light to a cell 
positioned under an adjacent section whereby a compact array is provided. Thus the receiver 
cell can be hidden from direct sunlight by the next parabolic section, with the parabolic 
sections being closely packed in a two-dimensional array. 

[0008] Advantageously, the reflector array can be pressure formed or molded (herein 
referred to collectively as "formed") as a single piece of plastic or other suitable material with 
alignment features provided for the photovoltaic receivers. The reflecting surfaces of the 
array are coated with aluminum, silver, or other suitable reflective material, or the array can 
comprise a reflective material. Further, the reflector can be chosen to satisfy certain spectral 
properties, such as being transparent to infrared light to reduce heating. 
[0009] In accordance with another embodiment, a secondary optical element, either 
reflective or refractive, can be provided with each cell receiver to further concentrate 
reflected radiation. The whole optical design can be optimized either using known imaging 
optical design techniques or a prior art simultaneous multiple surface (SMS) design technique 
for non-imaging optics to further concentrate reflected radiation, homogenize light 
distribution on the receiver, or increase the acceptance angle of the system. Further, the array 
of reflectors can be employed in other applications and can be used to distribute light emitted 
by a source at the receiver location in lieu of the photovoltaic receiver cell. 
[0010] The invention and objects and features thereof will be more readily apparent from 
the following detailed description and appended claims, when taken with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 A is a perspective view of a linear parabolic reflector or trough in 
accordance with the prior art. 

[0012] Fig. IB is a perspective view of a parabolic dish reflector in accordance with the 
prior art. 

[0013] Fig. 2 is a perspective view of a photovoltaic panel in accordance with an 
embodiment of the invention. 

[0014] Fig. 3 is a perspective view of two adjacent reflectors and a receiver in the panel 
of Fig. 2. 
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[0015] Fig. 4A and Fig. 4B are a perspective view and a view at 45°, respectively, 
illustrating the reflection of light with the reflector of Fig. 3. 

[0016] Fig. 5 is a cross- sectional view of a parabolic reflector with more complex shape 
including structures for mounting the photovoltaic cell receiver corresponding to an adjacent 
reflector. 

[0017] Figs. 6, 7, and 8 illustrate the use of secondary mirrors in the reflector arrays. 
[0018] Fig. 9 illustrates a photovoltaic receiver with a refractive secondary optical 
element. 

[0019] Fig. 10 illustrates an array including triangular parabolic sections. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
[0020] The parabolic reflector is a well-known device for receiving and directing energy 
to a central point, line or region, termed the "focus," and similarly for transmitting energy 
radiating from the focus to the reflector and then transmitted outwardly in a beam that is 
parallel to the axis of the reflector. Fig. 1 A is a perspective view of a prior art linear 
parabolic reflector in which energy such as radiant energy 10 striking the reflector 12 is 
directed to a line focus 14, for use in low concentration photovoltaic systems. Similarly, the 
parabolic dish 16 of Fig. IB receives radiant energy and transmits the energy to a central 
point, or focus 20. Alternatively, energy radiating from the focus 20 to dish 16 can be 
transmitted outwardly in a beam 1 8 that is parallel to the axis of the dish. 
[0021] In accordance with the present invention, a compact micro-concentrator for 
photovoltaic cells, for example, is provided in which a plurality of radiation reflectors, each 
comprising an asymmetric section of a parabolic or similarly shaped surface, are arranged in 
rows and columns such as illustrated by the reflectors 30 in the module 32 illustrated in the 
perspective view of Fig. 2. In some embodiments of the invention, the parabolic surface can 
have some deviations to obtain a particular light distribution for a finite size source or emitter 
and for different ray directions. In this embodiment, 25 rows and 40 columns of reflectors 
are provided with a total of 1000 individual reflectors. Associated with each reflector is a 
photovoltaic cell. In the compact arrangement 32 illustrated in Fig. 2, except for the last row 
of cells, each cell is shielded from direct radiation by an adjacent reflector 30 with the 
reflector corresponding to the photovoltaic cell directing radiation to the cell from the side. 
[0022] Fig. 3 is a perspective view of two adjacent parabolic reflectors 30-1 and 30-2 
with a photovoltaic cell 34 corresponding to reflector 30-1 shown beneath adjacent reflector 
30-2. Fig. 4A illustrates the reflection of radiation 36 by reflector 30-1 to photovoltaic cell 
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34, and Fig. 4B is a tilted end view also illustrating the reflection of radiation 36 by reflector 
30-1 to cell 34. It will be appreciated that the arrangement provides for a compact array of 
photovoltaic cells in which each cell can be positioned beneath an adjacent reflector so that 
no direct radiation from the sun is lost by hitting inactive parts of the cell, such as the edges 
and back side. Only cells corresponding to the last row of reflectors will not be covered but 
could be hidden in the frame of the module. Advantageously, the parabolic reflectors can be 
formed by molding or pressure forming as a unitary structure of reflecting material or with 
the reflecting surfaces of the structure being coated with aluminum, silver, or other highly 
reflective material applied by sputtering or evaporation, for example. 
[0023] Advantageously, the backside of each reflector 30 can include appendages 38 as 
shown in Fig. 5 on which is mounted the photovoltaic cell for the adjacent reflector. The 
slope of the backside can be optimized for maximum reception of rays from the reflector. 
[0024] In an alternative embodiment shown in Fig. 6, a secondary mirror 50 can be 
placed near the focus of each parabolic mirror 52 and deflect light onto a photovoltaic 
receiver 54 placed at the bottom of the structure. This location for the cell offers the 
advantage of being more easily accessible for electrical and thermal contact. The secondary 
mirror can either be made as a part of the parabolic mirror or as part of the photovoltaic 
receiver. Alternatively, the secondary mirror 50 can be placed behind the first photovoltaic 
receiver 53 to concentrate light transmitted through the first receiver 53 onto a second 
receiver 54, as shown in Fig. 7. 

[0025] As shown in Fig. 8, a secondary mirror 50 can also be a dichroic mirror whereby 
part of the radiation is deflected to a cell 54 situated at the bottom of the structure, as in the 
embodiment of Fig. 6, and part of the radiation is transmitted to another cell 56 situated at the 
same location as in the main embodiment. 

[0026] Fig. 9 illustrates an embodiment in which a photovoltaic cell 40 is placed within a 
convex lens 42 with electrical contacts 44 extending therefrom. 

[0027] The space above the parabolic mirror in the module of Fig. 2 can be filled with a 
transparent material to reduce the number of refractive surfaces, i.e., Fresnel losses in the 
system. The transparent material can become part of the support for the reflective surface. 
However, in this embodiment, it would not be possible to mold a whole two-dimensional 
array of mirrors as a single piece. Rather, individual reflectors are molded independently and 
can include a solar cell and other secondary optical elements. A cover glass is not required 
but can be used to support and align each individual element. In embodiments where a 
transparent support material is not included, a cover glass is employed for protection. 
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[0028] The parabolic sections can have different shapes, including triangular, as 
illustrated in Fig. 10. Here the parabolic sections 60 are turned in alternating directions from 
row to row. 

[0029] The reflector module in accordance with the invention has applications other than 
for a photovoltaic converter and can be used for the transmission of energy as well as the 
reception of energy, such as the transmission of light and sound energy. 
[0030] Thus, while the invention has been described with reference to specific 
embodiments, the description is illustrative of the invention and is not to be construed as 
limiting the invention. As used herein and in the claims, "formed material" includes molded 
material and pressure formed material. Various modifications and applications may occur to 
those skilled in the art without departing from the true spirit and scope of the invention as 
defined by the appended claims. 
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